We have used GIM2D to quantify the morphological properties of 40 intermediate redshift Mg ii absorption-selected galaxies (0.03 W r (2796) 2.9 Å), imaged with WFPC-2/HST, and compared them to the halo gas properties measured from HIRES/Keck and UVES/VLT quasar spectra. We find that as the quasar-galaxy separation, D, increases the Mg ii equivalent decreases with large scatter, implying that D is not the only physical parameter affecting the distribution and quantity of halo gas. Our main result shows that inclination correlates with Mg ii absorption properties after normalizing out the relationship (and scatter) between the absorption properties and D. We find a 4.3σ correlation between W r (2796) and galaxy inclination, normalized by impact parameter, i/D. Other measures of absorption optical depth also correlate with i/D at greater than 3.2σ significance. Overall, this result suggests that Mg ii gas has a co-planer geometry, not necessarily disk-like, that is coupled to the galaxy inclination. It is plausible that the absorbing gas arises from tidal streams, satellites, filaments, etc., which tend to have somewhat co-planer distributions. This result does not support a picture in which Mg ii absorbers with W r (2796) 1 Å are predominantly produced by starformation driven winds.
INTRODUCTION
Since the first observational evidence associating foreground galaxies with absorption lines detected in the spectra of background quasars (Boksenberg & Sargent 1978) , researchers have strived to determine the relationships between absorbing gas found within ∼200 km s −1 and a few 100 kpc of their host galaxies. We have yet to develop a complete understanding of the many physical conditions under which galaxies predominantly produce their own metal-enriched "halos" or accrete material in their immediate environment. It is plausible that most galaxies undergo both these processes at some point during their evolution. Assuming that clear observational connections between the galaxy properties and the halo ⋆ gkacprzak@astro.swin.edu.au gas properties are present in nature, our collective hope is that we can ultimately understand the conditions that drive outflows versus the conditions that indicate accretion (such as galaxy star formation rates, morphologies, inclinations, etc., and absorption equivalent widths, kinematics, and chemical and ionization conditions).
The Mgii λλ2796, 2803 doublet is commonly used to trace metal-enriched low-ionized gas surrounding galaxies between 0.1 z 2.5. However, understanding the origins of this gas is difficult. Mgii absorption traces a wide range of neutral hydrogen column densities, 10 16 N(Hi) 10 22 cm −2 (Churchill et al. 2000a ; Rigby, Charlton, & Churchill 2002) , which produces a large range of detectable Mgii rest-frame equivalent widths, 0.02 W r (2796) 10 Å. The large range in Hi column densities implies that Mgii absorption arises within a large dynamical range of structures and environments that contribute to the complex kinematics The evidences discussed above for strong Mgii systems being produced by star-formation driven winds primarily uses data that have high detection limits such that W r (2796) 0.5 Å and it is likely that these conclusions apply to systems with W r (2796) > 1−2 Å. In a sample of 71 absorbing and non-absorbing galaxies consisting of predominantly (85%) W r (2796) < 1 Å absorption systems, Chen et al. (2010a) do not find a correlation between W r (2796) and galaxy color and suggest a lack of a physical connection between the Mgii halos and recent star formation history of the galaxies. Furthermore, Chen et al. (2010b) found that the Mgii halo size scales with the stellar mass and the specific star formation rate of the host galaxy. They interpret this result as massive galaxies having more extended halos and that Mgii absorption systems arise from infalling clouds that fuel star formation. Taken together, the Bond et al. (2001b) , Bouché et al. (2006) , Zibetti et al. (2007) , Ménard et al. (2009), and Chen et al. (2010a,b) results may be suggesting that W r (2796) < 1-1.5 Å absorption systems are not wind dominated but that larger W r (2796) systems are wind dominated. Studies that incorporate the gas kinematics, galaxy morphologies and galaxy orientations relative to the quasar line of sight over the full range of W r (2796) would be useful to examine these ideas. Kacprzak et al. (2010a) compared Mgii absorption and galaxy rotation kinematics of 10, z ∼ 0.5, W r (2796) < 1.4 Å systems and found that, in most cases, the absorption was fully to one side of the galaxy systemic velocity and usually aligned with one arm of the rotation curve. These results are consistent with an earlier study of six galaxies by Steidel et al. (2002) . However, both studies demonstrated that in virtually all cases, a co-rotating halo model poorly reproduces the Mgii absorption velocity spread. This implies that although disk rotation may account for some of the halo gas kinematics, other mechanisms must be invoked to account for the full velocity spreads. In only 3/17 cases studied in this manner, all of which had W r (2796) > 1 Å, the absorption kinematics of the systems displayed possible signatures of winds or superbubbles (Bond et al. 2001a; Ellison et al. 2003; Kacprzak et al. 2010a) . Using quasar absorption line methods through cosmological simulations, Kacprzak et al. (2010a) demonstrated that the majority of the Mgii absorption arose in an array of structures, such as filaments and tidal streams, which were all infalling toward the galaxy with velocities in the range of the rotation velocity of the simulated galaxy. Kacprzak et al. (2011) also directly compared the relative Mgii halo gas and host galaxy kinematics for 13 ∼L ⋆ galaxies at z ∼ 0.1. They found that these galaxies had low SFRs, low SFRs per unit area, and their NaiD (stellar+ISM tracer) and Mgib (stellar tracer) line ratios implied kinematically quiescent interstellar media containing no strong outflowing gas. Given that these host galaxies were in isolated environments and given the relative halogas/galaxy velocity offsets, Kacprzak et al. (2011) suggested a scenario in which the cool halo gas was infalling and providing a gas reservoir that could maintain the low levels of star formation within the host galaxies.
The majority of these studies do not incorporate quantitative morphological and geometric parameters of the host galaxies. Using ground-based imaging studies of Mgii absorbing galaxies, Steidel, Dickinson, & Persson (1994) determined that although most galaxy colors are represented, the absorbing galaxies have an average B − K color consistent with that of a local Sb galaxy (also see Zibetti et al. 2007 ; Chen et al. 2010a ). To date, high resolution space-based WFPC-2/HST images of Mgii absorption-selected galaxies have been used only to qualitatively state that their mor-phological types appear similar to those of local spiral and elliptical galaxies (Steidel 1998; Chen et al. 2001; Chen & Lanzetta 2003) .
In a first effort to quantify morphologies of Mgii absorbers, Kacprzak et al. (2007) used a two-dimensional decomposition fitting program GIM2D (Simard et al. 2002) to model the physical structural parameters of galaxies and compared them to Mgii absorption properties. They found a correlation between the galaxy morphological asymmetry, normalized by impact parameter, and W r (2796) . Their correlation increases in significance when strong systems [W r (2796) > 1.4 Å] were removed (the greater scatter for stronger systems perhaps suggesting a different mechanism giving rise to the gas in stronger systems). Furthermore, they reported that Mgii absorption-selected galaxies have higher levels of morphological perturbations than found for typical field galaxies. Their correlation suggests that known processes responsible for populating halos with gas, such as satellite mergers and longer range galaxygalaxy interactions, also induce minor perturbations observed in the morphologies of the host galaxies.
The ability to use the WFPC-2/HST images for more than measuring magnitudes or impact parameters, by actually quantifying the properties of the galaxies, is a useful way of exploring the absorber-galaxy connection and may shed light on the differences in results found for different equivalent width regimes. In an effort to understand the causal connection between absorbing halo gas and its host galaxy(ies), we expand on our previous work of Kacprzak et al. (2007) and apply GIM2D modeling to WFPC-2/HST images to quantify additional morphological properties of known Mgii absorbing galaxies. In Kacprzak et al. (2007) we focused on morphological asymmetries of absorption-selected galaxies and how they differ from an "ideal" galaxy, which was modeled by exponential disk and a de Vaucouleurs bulge (n = 4). In this paper, we fit a more realistic model to 40 galaxies, 34 from Kacprzak et al. (2007) plus an additional 6 galaxies selected from the literature, using an exponential disk and a Sérsic profile bulge (0.2 n 4.0) in order to quantify an additional twelve galaxy morphological parameters. We also compare the galaxy morphological properties to the associated Mgii absorption properties (including kinematics) and explore plausible relationships between the absorbing gas and host galaxy properties In § 2, we describe our sample and analysis. In § 3, we present the measured properties of our sample and identify correlations between galaxy and absorption properties. In § 4, we discuss what can be inferred from the results. Concluding remarks are offered in § 5. Throughout we adopt an H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, Ω Λ = 0.7 cosmology.
GALAXY SAMPLE AND DATA ANALYSIS
We have constructed a sample of 40 galaxies, with spectroscopically confirmed redshifts 0.3<z<1.0, selected by the presence of Mgii absorption in quasar spectra (W r (2796) 0.03 Å). We selected 34 galaxies from Kacprzak et al. (2007) and 6 additional galaxies found in the literature 1 . The absorption properties were measured from HIRES/Keck (Vogt et al. 1994 ) and UVES/VLT (Dekker et al. 2000) spectra. Galaxy properties were Aug. 21, 1995 Sept. 10, 1996 May 25, 2005 May 31, 2005 June 01, 2006 Jul. 02, and 2008 measured and modeled from F702W or F814W WFPC-2/HST images of the quasar fields. Figure 1 summarizes the absorption selection, spectroscopic analysis and morphological fitting technique. Note that three absorbers have two galaxies at the same redshifts (Q0450−132, Q1127−145 and Q1623+268). Since it is possible that a pair of galaxies can give rise to the absorption and such conditions can provide further constraints into the galaxy-absorption connection, we do not exclude these pairs from our sample. Below we describe our data and modeling techniques.
Quasar Spectroscopy
Details of the HIRES/Keck and UVES/VLT quasar observations are presented in Table 1 . The total integrated exposure times for each quasar spectrum ranges from 1200 to 53,303 seconds. The HIRES spectrum of Q0836+113 was reduced using the Mauna Kea Echelle Extraction (MAKEE 2 ) package and the remaining HIRES data were reduced using IRAF 3 . The UVES data were reduced using the ESO pipeline and the custom code UVES Post-Pipeline Echelle Reduction (uves popler 4 ). All the quasar spectra are vacuum and heliocentric velocity corrected.
The quasar spectra are objectively searched for Mgii doublet candidates using a detection significance level of 5 σ for the λ2796 line, and 3σ for the λ2803 line. The spectra have detection limits of W r (2796) ∼ 0.02 Å (5σ). Detections and significance levels follow the formalism of Schneider et al. (1993) and Churchill et al. (1999) . We define a single Mgii system as absorption occurring within 800 km s −1 , but this definition had no affect on our results. A single absorption system may have several kinematic subsystems (see Churchill & Vogt 2001 ) -absorption regions separated by regions of no detected absorption. Each subsystem is defined in the wavelength regions between where the per pixel equivalent widths become consistent with continuum at the 1σ level.
Analysis of the Mgii absorption profiles was performed using our own graphic-based interactive software for local continuum fitting, objective feature identification and measuring absorption properties. We compute the equivalent widths, optical depth weighted mean redshifts (z abs ), apparent optical depth column densities (N a [atoms cm
−2 ]), and flux decrement weighted velocity centroids, widths, and asymmetries ( V , W vs , and A [km s
−1 ]), directly from the normalized pixel counts (see Churchill et al. 1999 Churchill et al. , 2000a Churchill & Vogt 2001 , for the precise definitions of these quantitronomy (AURA), Inc. under cooperative agreement with the National Science Foundation. 4 http://astronomy.swin.edu.au/∼mmurphy/UVES popler.html ties). Quantities for the full absorption systems are measured between the pixel of the most blueward extreme and redward extreme subsystems while omitting pixels consistent with continuum (those outside/between the kinematic subsystems).
In many of the Mgii systems, corresponding transitions from other elements (such as Mgi λ2853, Feii λ2344, λ2374, λ2383, λ2587, λ2600, Caii λλ3935, 3970, and Mnii λ2577, λ2594, λ2606) are detected, which further validates the identification of a Mgii system, but are not required to validate a system. In Figure 2 we show an example Mgii system that has corresponding transitions from other elements.
In addition to the aforementioned quantities measured directly from the flux decrements, we modeled the absorption profiles using Voigt profile least-square fitting. Voigt profile decomposition provides a means to model each complex absorption profile as multiple individual isothermal "clouds". Each cloud is parametrized by a velocity center, a column density, and Doppler parameter. The overall decomposition provides a model of the number of clouds (N cl ) and their individual Voigt profile parameters.
To best constrain the model, the profile fits simultaneously incorporate all transitions associated with the Mgii system. This is particularly useful in cases where the Mgii absorption is saturated and there is a loss of component structure. Thus, we use the unsaturated Feii and/or Caii and/or Mgi transitions to constrain the number of clouds and velocity centers. All transitions have the same number of clouds and the velocities of the clouds are tied for all transitions. For this work, we assume thermally broadened clouds (no turbulent component), so the b parameters of each cloud are In the printed version we present a subset of our full sample. -(far-left) The HIRES/Keck or UVES/VLT quasar spectra of the Mg ii λ2796 absorption feature are shown alongside the associated absorbing galaxy on the right. The Mg ii λ2796 optical depth weight mean absorption redshift is the zeropoint of the velocity scale. The tick marks indicate the number of Voigt profile components and the red curve indicates the fit to the data. We do not have HIRES or UVES data available for six galaxies. (left) WFPC-2/HST images of galaxies selected by Mg ii absorption. The images are 10 times larger than the 1.5σ isophotal area. -(center) The GIM2D models of the galaxies, which provide quantified morphological parameters. A scale of one arcsecond is indicated on each image along with the physical scale computed at the Mg ii absorption redshift. -(right) The residual images from the models, showing quality of the fit and the underlying structure and morphological perturbations of the galaxies. The encircled arrow provides the direction to the quasar (galaxy-quasar orientation). The cardinal directions are also shown and the quasar name and redshift of Mg ii absorption is provided under each set of galaxy WFPC-2, model and residual image.
tied for all transitions (yielding the broadening temperature to be the same for all ions). The column densities of transitions belonging to a given ion are tied, but the column densities of different ions are freely fit.
In Figure 2 , we show the least-squares Voigt profile model (red) of a saturated Mgii doublet with associated transitions from other ions. The number of individual Voigt profile components (N cl ), or "clouds", are indicated with vertical tick marks.
The fitting philosophy is to obtain the minimum number of clouds that provide a statistically reasonable model (i.e., χ ν ≃ 1). We use the code MINFIT (Churchill 1997) , which takes a user input model and performs a least-squares fit while minimizing the number of clouds. With each iteration, the least statistically significant cloud (based upon fractional error criterion) is removed from the model and a new model (less the one cloud) is fit. An F-test is performed to determine whether the two models are statistically consistent at the 97% confidence level. If they are consistent, the cloud is removed from the model. Each cloud not meeting the fractional error criterion is tested in this way until the all clouds meet the criterion and the number of clouds is minimized via the F-test iterations. We applied the fractional error criterion (dN/N) 2 + (db/b) 2 + (dz/z) 2 < 1.5, where dN/N, db/b, and dz/z are the column density, b parameter, and redshift fractional errors of the cloud. The resulting models are not sensitive to the input model as long as the input model contains a sufficient number of clouds. For further description of the Voigt profile decomposition of Mgii systems see Churchill (1997) , Churchill & Vogt (2001) , and Churchill, Vogt, & Charlton (2001) .
We compute a total system Voigt profile column density, N VP [atoms cm
−2 ], and its uncertainty by summing the individual cloud column densities over the total number of clouds. This number is comparable to the apparent optical depth column density in unsaturated systems, but provides a slightly more robust total column density in saturated systems where the apparent column density provides only a lower limit.
HST Imaging of Quasar Fields
Details of the WFPC-2/HST quasar field observations are presented in Table 2 . The WFPC-2/HST F702W and F814W images were reduced using the WFPC-2 Associations Science Products Pipeline (WASPP 5 ) . WASPP data quality verifications include photometric and astrometric accuracy and correctly set zero-points. The F702W filter provides a bandpass similar to a rest-frame Johnson B-band filter for galaxies at z ∼ 0.6. The F814W filter provides a bandpass similar to the rest-frame B-band for galaxies at z ∼ 0.85. Galaxy photometry was performed using the Source Extractor (Sextractor) package (Bertin & Arnouts 1996) with a detection criterion of 1.5 σ above background with a minimum object area 75 pixels. The m F702W and m F814W magnitudes were measured using the WFPC-2/HST zero points (Whitmore 1995) , based upon the Vega system.
Galaxy absolute B-band magnitudes, M B , were determined from the k-corrected observed m F702W or m F814W . To compute the k-corrections, we adopted spectral energy distribution (SED) templates of Kinney et al. (1996) . The adopted SED for each galaxy was based upon its rest-frame B − K color obtained from Steidel, Dickinson, & Persson (1994) . For galaxies with no color information, we adopted an Sb SED since this is consistent the with average color of a Mgii absorbing galaxy (Steidel, Dickinson, & Persson 1994; Zibetti et al. 2007) . B-band luminosities were computed using the DEEP2 optimal M * B of Faber et al. (2007, Table 2 ) in the redshift bin appropriate for each galaxy: M * B ranges from −21.07 ( z = 0.3) to −21.54 ( z = 1.1).
GIM2D Galaxy Models
For each galaxy, the morphological parameters were quantified by fitting a two-component (bulge+disk) co-spatial parametric model to its two-dimensional surface brightness distribution using GIM2D (Galaxy IMage 2D) (Simard et al. 2002) . GIM2D uses the Metropolis algorithm (Metropolis et al. 1953; Saha & Williams 1994) , which does not easily fall prey to local minima, to explore the complicated topology of this twelve dimensional parameter space. Once a convergence point is satisfied, the algorithm Monte-Carlo samples the region and keeps acceptable parameter sets, building up a solution probability distribution, which it uses to compute the median of the probability distribution of each free parameter and its 1σ uncertainties. This technique results in an optimal model parameter set and asymmetric errors.
For our 40 galaxies, we fit the surface brightness of the disk component with an exponential profile and we fit the bulge component with a Sérsic profile (Sérsic 1968) where the Sérsic index may vary between 0.2 n 4.0. These model fits differ from Kacprzak et al. (2007) where we focus was on galaxy asymmetries and how absorption-selected galaxies differ from an ideal galaxy with a de Vaucouleurs bulge and an exponential disk profile. The models have a maximum of twelve free parameters:
(1.) Galaxy total flux (2.) Bulge-to-total fraction (B/T ) (3.) Bulge semi-major axis effective radius (r b ) (4.) Bulge ellipticity (e b ≡ 1 − b/a) (5.) Bulge position angle (θ b ) (6.) Bulge Sérsic index (n) (7.) Disk scale length (r d ) (8.) Disk inclination (i) (9.) Disk position angle (θ d ) (10.) Model center sub-pixel offsets (dx) (11.) Model center sub-pixel offsets (dy) (12.) Background residual level.
A PSF-deconvolved half-light semi-major axis radius r h is also computed for each galaxy by integrating the sum of bulge and disk surface brightness profiles out to infinity using the best fitting structural parameters. The half-light radius may be unreliable for cases where there are large differences between the bulge and disk position angles. Additional information regarding the structural parameters derived by GIM2D can be obtained from Simard et al. (2002) . GIM2D outputs the various scale length parameters in units of pixels and we use the plate scale of the appropriate WFPC-2 chip to convert to an angular quantity. We then use the plate scale and the angular diameter distance from the adopted cosmology to convert them to linear quantities.
GIM2D uses the isophotal area to extract "portrait size" galaxy images from original images with an area 10 times larger than the 1.5σ galaxy isophotal area, which is chosen such that an accurate background can be computed by GIM2D. During the GIM2D modeling process, the models are convolved with the WFPC-2 point spread function, which was modeled at the appropriate locations on the WFPC-2 chip using Tiny Tim (Krist & Hook 2004) .
The GIM2D outputs were manually inspected to see if models were realistic representations of the observed galaxies. In addition, we used previously measured galaxy rotation curves to further validate several galaxy models (Kacprzak et al. 2010a; Steidel et al. 2002) . In 4/40 cases, we found that the model settled on an unreasonable solution (galaxies Q0454G1, Q1148G1, Q1354G1, and Q2206G2). We reran GIM2D for these four systems using different random seeds, which resulted in more a realistic and stable model. A GIM2D fail-rate of 10% may be less important for large samples of galaxies, however with our smaller sample it is crucial to ensure that we produce representative models.
We note that galaxy asymmetries, and structures such as tidal tails and bars, may affect the galaxy isophotal shape, thereby providing an under/over estimate of the true galaxy shape and orientation. It is difficult to model these disturbed systems and they are not straightforward to interpret. Thus, in cases such as the interacting pair Q0450G1 and Q0450G2, the model inclinations are likely to be biased with respect to the real physical inclination of the disk. Thus, the model results presented here should be interpreted with some caution. However, despite the simplicity of the two-component model (i.e., real galaxies may have more than two smooth components, such as spiral arms, bars, Hii regions, etc.), careful analysis of the output models and parameters provides useful information regarding the complexity of galaxies (see Kacprzak et al. 2007 ).
The impact parameters, D, and their uncertainties are computed using a combination of galaxy isophotal centroids determined by SExtractor and GIM2D model offsets. The dominant uncertainty in D is derived from the pixel offset of the galaxy isophotal center obtained using SExtractor and the isophotal center of the galaxy model determined by GIM2D. This offset is typically about 0.25 pixels. There is also a ∼ 0.05 pixel uncertainty in the position of the quasar based upon centroiding errors of unresolved sources in the images.
Galaxy Significance Levels and GIM2D Models
The WFPC-2 image exposure times for our sample range from 600-24,000 seconds, with a typical time of ∼4700 seconds. It may be of concern that the longest and shortest exposures could yield different measured morphological parameters for similar type galaxies. However, the problem is not so simple since there can be several galaxies of interest in each quasar field image having different apparent magnitudes. Simard et al. (2002) studied sets of GIM2D simulations to characterize the systematic biases and random errors in the galaxy structural measurements. They analyzed simulated WFPC-2 F814W images containing ∼5500 simulated galaxies. Sky photon noise and detector read-out noise were included along with background noise brightness fluctuations contributed from very faint galaxies below the detection threshold. Simard et al. (2002) determined that the structural parameters can be recovered from the simulated images, equivalent to typical WFPC-2 exposure times of ∼2800-4400 s, and that the uncertainties only become significant when m F814W > 23.5. Only two of our galaxies have apparent magnitudes above the Simard limit with the remaining below m HS T = 22.6. Both of those galaxies have m HS T = 23.6 and are in a WFPC-2 image that has a typical exposure time of 5000 seconds.
Here we examine the significance level (S L) for each galaxy in our sample, which is defined by the ratio of the galaxy measured flux and the flux uncertainty (see Table 3 ). The S L is then equivalent to an average signal-to-noise ratio per pixel, with higher weighting towards the bright pixels. In Figure 3a , we show the distribution of galaxy apparent magnitudes as a function of exposure time. All exposure times cover a wide range of apparent magnitudes. We see no trends with exposure time.
In Figure 3b , we show the distribution of S L as a function of exposure time. There is a wide range of S L for each exposure time.
In Figure 3c , we show the binned distribution of S L. The majority of galaxies lie within the main peak around S L ∼ 80 with others, not necessarily from long exposures, at higher S L. In Figure 3d , we show the S L as a function of galaxy apparent magnitude. Note the strong anti-correlation. The anti-correlation exhibits some dispersion which can be attributed to background Poisson noise and also some variance in the galaxy surface brightness for a given magnitude.
The strong anti-correlation between S L and m HS T suggests that the galaxy S L primarily depends on its apparent magnitude and not on the exposure time. Therefore, degrading individual quasar field images to a lower signal-to-noise ratio is not necessary for the galaxy magnitude range of interest (m HS T < 23.5). We discuss additional tests regarding S /N and quasar PSF near absorbing galaxies in Kacprzak et al. (2007) .
RESULTS

The Sample
We have constructed a sample of 40 Mgii absorption-selected galaxies between 0.3<z<1.0. In Figure 1 we show WFPC-2 portraits of the galaxies. Note that the galaxy images are 10 times larger than the 1.5σ galaxy isophotal area, giving the galaxies the -(a) The normalized distributions of the bulge effective radii derived for 120 galaxies from DEEP survey imaged with the F606W filter using a fixed Sérsic index of n = 4 (blue), 120 galaxies from DEEP survey imaged with the F814W filter also using n = 4 (red), our sample having free Sérsic index fits (solid black), and our sample fit with n = 4 (dotted black). The mean values are also shown and the error bars represent the average uncertainty from the model fits of all galaxies. All samples have similar bulge effective radii distributions. -(b) same as (a) except plotted for the disk scale length distributions. Samples have similar distributions except our sample has larger disk scale lengths. Note that when the Sérsic index is fixed at n = 4, the disk scale length distribution shifts towards smaller sizes and becomes more consistent with the DEEP sample. -(c) the redshift distributions for the 40 galaxies from our sample. The mean redshift value is indicated. The 120 DEEP galaxies have been selected to have the same redshift distribution as our sample. Table 3 . The observed galaxy properties. The columns are (1) the quasar name and galaxy ID number, (2) the optical depth weighted mean Mg ii λ2796 absorption redshift, (3) the Mg ii λ2796 rest-frame equivalent width, (4) the source of the adopted equivalent width measurements, (5) the adopted galaxy redshift, (6) the source(s) of galaxy spectroscopic redshift, (7) the projected galaxy-quasar separation (impact parameter), (8) the WFPC-2/HST F702W or F814W galaxy apparent magnitude, (9) galaxy significance level in the WFPC-2 images, defined to be the ratio of the measured galaxy flux and the flux uncertainty, (10) the B − K colors, (11) the rest-frame B-band galaxy absolute magnitude, and (12) the galaxy B-band luminosity. Lanzetta & Bowen (1992) , (4) Steidel & Sargent (1992) , and (5) Foltz et al. (1986) . b Galaxy Identification: (1) Steidel, Dickinson, & Persson (1994) , (2) Kacprzak et al. (2010a) , (3) Bergeron & Boissé (1991) , (4) Guillemin & Bergeron (1997) , (5) Chen et al. (1998) , (6) Kanekar & Chengalur (2001a) , (7) Lowenthal et al. (1990) , (8) Steidel et al. (2002) , (9) Kacprzak et al. (2010b) , (10) Miller, Goodrich, & Stephens (1987) , (11) Ellingson et al. (1991) , (12) Chen et al. (2001) , and (13) Steidel et al. (1997) .
appearance of all being of similar size; the angular and physical scales of each galaxy image is shown. The encircled arrow next to the portrait provides the direction to the quasar relative to the galaxy. In Table 3 we list the observed galaxy properties for the sample, which were mostly derived from the WFPC-2 images. The galaxies range between −18.6 M B −23.8 and have a impact parameter range of 12 D 115 kpc.
Also in Figure 1 we show the fitted Mgii λ2796 absorption profiles. The number of clouds is indicated by the tickmarks above the fit. We do not have in hand the high resolution spectra of six Mgii systems so we can only use their equivalent widths in our analysis. Note the wide variety of Mgii λ2796 profile velocity widths and structures. The Mgii rest-frame equivalent widths range between 0.03 W r (2796) 2.9 Å. In Table 4 we present the Mgii absorption properties measured from the profiles and obtained from the Voigt profiles fits.
Along with the HST images shown in Figure 1 , we also include the galaxy GIM2D model and residual images. The model and residual image is displayed using the same dynamic range as the WFPC-2 image. As mentioned above, the smooth GIM2D mod- Table 4 . Summary of the Mg ii λ2796 absorption properties. The table columns are (1) the quasar name and galaxy ID number, (2) the optical depth weighted mean Mg ii λ2796 absorption redshift, (3) the rest-frame equivalent width W r (2796), (4) the doublet ratio (DR), (5) the number of clouds (N cl ), (6) the Voigt profiles fitted system column density (N vp ), (7) the Mg ii optical depth, (8) The AOD derived column density (N a ), (9) the mean velocity ( V ), (10) the velocity spread, (W vs ), and (9) a In cases where the Mg ii λ2796 absorption is saturated, we use the Mg ii λ2803 absorption profile to compute log(N a ) and τ. The Mg ii λ2796 and Mg ii λ2803 absorption profiles are both saturated in only six cases. Table 5 . The Mg ii absorbing galaxy morphological properties, which were obtained from GIM2D modeling of the WFPC-2/HST images. The table columns are (1) the quasar name and galaxy ID number, (2) the optical depth weighted mean Mg ii λ2796 absorption redshift (z abs ), (3) the Mg ii λ2796 rest-frame equivalent width W r (2796), (4) the bulge-to-total fraction (B/T ), (5) the bulge Sérsic index (n) (6) the bulge semi-major axis effective radius (r b ), (7) the bulge ellipticity (e b ≡ 1 − b/a), (8) the bulge position angle (θ b ), (9) the semi-major axis disk scale length (r d ), (10) the disk inclination (i), (11) 9.62 1.65 els do not include degrees of freedom to fit spiral arms, Hii regions etc. seen in some galaxy images. For example, one can clearly see these structures in the residual images of Q0229+131G1 (spiral arms) and Q0454−220G1 (Hii regions).
In Table 5 we list the galaxy morphological properties extracted from the GIM2D models. The 40 galaxies have a mean disk scale length of 3.8 kpc, which is larger than the estimated value for the Milky Way of 2.3 ± 0.6 kpc (Hammer et al. 2007 ). The sample mean bulge scale length is 2.5 kpc, which is comparable to estimates of the Milky Way bulge of 2 kpc (Rich 1998) . The average Sérsic index for the sample is n =1.9. We find 23 galaxies having well-modeled disk-like bulges with Sérsic indices of n < 2 and 17 galaxies having steeper bulge profiles with n 2.
Mgii Absorbers Compared to DEEP Galaxies
In order to determine if Mgii absorption-selected galaxies differ from field galaxies, we compare the bulge and disk size distribution from our sample to galaxies having similar properties obtained from the Deep Extragalactic Exploratory Probe (DEEP) Groth Strip Galaxy Redshift Survey (see Simard et al. 2002; Vogt et al. 2005; Weiner et al. 2005) . Simard et al. (2002) used GIM2D to model WFPC-2/HST F606W and 814W images of 7450 galaxies from the DEEP survey. We selected a subset of 429 galaxies that have both a redshift and magnitude range similar to those represented by our sample (see Table 3 ). The mean redshift for the 429 DEEP galaxies is z = 0.68, peaking at z ∼ 0.9. In Figure 4c we show the redshift distribution for our sample having a mean redshift of z = 0.51, peaking at z ∼ 0.4. Since the redshift distributions for the two samples are quite different, we used our redshift distribution as a selection function to randomly select a subset of the 429 DEEP galaxies to make a fair comparison. We randomly selected 120 DEEP galaxies that reproduce the redshift distribution of our sample seen in Figure 4c . We produced several DEEP sub-samples all resulting in the similar distributions of bulge effective radii and disk scale lengths.
The galaxies from the DEEP sample were fit using GIM2D where the bulge Sérsic index is limited to n = 4, whereas we allowed the bulge Sérsic index to vary between 0.2 n 4.0 for our galaxy model fits. In order to make a direct comparison with the DEEP galaxies, we refit our 40 galaxies with a fixed Sérsic index of n = 4. It is also worth noting that the majority of our galaxies were observed using the WFPC-2 F702W filter, whereas the DEEP survey used two different WFPC-2 filters; a bluer F606W filter and a redder F814W filter. The model fits to the DEEP F606W and F814W images produce similar size distributions (see Fig 4a,b) . Given that our galaxy images were taken primarily using a filter with a central wavelength between the central wavelength of the two filters used in DEEP, we do not expect that the difference in filter band-pass used will produce any shifts/differences in the disk and bulge size distributions.
In Figure 4a , we show the normalized distribution of bulge effective radii averaged over several random sub-samples of 120 galaxies derived from the DEEP F606W images, the DEEP F814W images, our sample of 40 galaxies having free Sérsic index fit, and our sample fit with n = 4. The mean values along with the mean fit errors are shown. For our sample, the mean value is consistent with those derived from the DEEP sample, although more galaxies are found with smaller bulge effective radii in the latter. The K-S probability that the DEEP sample and our sample (fit with n = 4) are drawn from the same population is P(KS) = 0.27, which suggests that the two distributions are similar and only differ at 85% c.l. (1.11σ). Note that for our sample, when the Sérsic index is fixed at n = 4, the bulge sizes tend to increase on average. As the bulge contribution increases, it is reflected as a smaller size distribution of the galaxy disks as seen in Figure 4b .
In Figure 4b , we show the disk scale length distribution. Here we find that the averaged sub-samples of 120 DEEP galaxies have a lower mean r d than found for our sample. On average, our sample has more galaxies with larger r d compared to those from the DEEP survey. The K-S probability that the DEEP sample and our sample (fit with n = 4) are drawn from the same distribution is P(KS) = 0.27, which suggests that the two distributions are similar and only differ at the 73% c.l. (1.11σ) . However, if we compare our sample, when using a free Sérsic index fit, this increases to 3.7σ and the mean value is now inconsistent with those of the DEEP survey.
We find our sample, when fit with n = 4, similar to the galaxies in the DEEP sample: differences arise only when we have a free index fit. This difference is only due to the fitting and not a physical difference.
Galaxy Type and Absorption
It is difficult to classify the morphological type (i.e., E4, Sb, etc) of a galaxy using only the quantified morphological parameters presented here. While early-type galaxies are expected to have high Sérsic indices of n 2, over 25% of spirals have bulges with n > 2 (see Weinzirl et al. 2009 ). Thus, the Sérsic index is not ideal for classifying galaxy morphology. Instead we have used the bulge-tototal ratio to separate early-type (B/T > 0.5) and late-type galaxies (B/T < 0.5). We expect less than 8% (±3 galaxies) contamination by applying a B/T = 0.5 cutoff (Weinzirl et al. 2009 ).
For our sample, we find 27 late-type galaxies and 13 earlytype galaxies; these numbers are consistent with the distribution of galaxy morphologies found in the field environment (van den Bergh 2004; Hammer et al. 2005 Hammer et al. , 2009 ). In Figure 5a , we show the distribution of galaxy type as a function of W r (2796). The mean W r (2796) for the early-type galaxies is 1.0 Å and is slightly lower for late-type galaxies at 0.7 Å; both types are accompanied by a large spread in equivalent width.
In Figure 5b , we show the W r (2796) as a function of impact parameter, where red points are early-type galaxies and blue points are late-type galaxies. The mean impact parameter for each morphology type is the same: 57 kpc. There are some interesting trends to note. For D 40 kpc, we find a higher proportion of late-type galaxies (12/15) that span a large equivalent width range. Beyond 40 kpc, we find more of a mixture of early and late-types, with latetype galaxies dominating (14/25). In this impact parameter regime, we also see that late-type galaxies tend to have weaker absorption than early-types. The data suggests that late-type galaxies are the dominate galaxy type selected by Mgii absorption at all impact parameters. We note that Chen et al. (2010a) also find more spirals in close proximity to the quasar line of sight and find a factor of two more early-type galaxies at higher impact parameters (D > 43 kpc). A K-S test yields that the equivalent width distributions of the latetype and early-type galaxies in our sample differ by 2.1σ. Given the low number statistics of our sample and the larger scatter of W r (2796) associated with late-type galaxies, we caution any against any definitive conclusions being drawn from Figure 5 .
It could be possible that the physical scale lengths, i.e., r d , r h , r b , etc., of a galaxy may be related to its halo gas absorption properties. Having quantified the morphological parameters of the galaxies in our sample, we have applied generalized Kendall and Spearman rank correlation tests, which accounts for measured limits in Figure 5. -(a) The distribution of the Mg ii λ2796 rest-frame equivalent width,W r (2796), as a function of galaxy morphology. Galaxies have been separated into to classes using the bulge-to-total ratio: late-type (B/T > 0.5) and early-type (B/T < 0.5). Note that a large fraction of late-type galaxies are associated with low equivalent width systems. -(b) The impact parameter as a function of the W r (2796) is shown for all 40 galaxies in our sample. The blue points are late-type galaxies and the red points are earlytype galaxies. We find a 3.2σ anti-correlation. Note the large scatter in the correlation and the lack for high D galaxies with high W r (2796). the sample (Feigelson & Nelson 1985) , between the galaxy scale lengths, Sérsic index, n, and bulge-to-total ratio, B/T and the measured absorption properties. We find no evidence for trends with these morphological parameters (all significance levels are less than 2σ). This may suggest that galaxy mass, size, and/or global stellar distribution is/are not important factor(s) in dictating the absorption properties of gaseous halos.
Impact Parameter and Absorption
For many studies an anti-correlation between W r (2796) and D has been noted and employed to understand the geometry, mean radial density profile, and cross-sectional covering fraction of Mgii halo gas (e.g., Lanzetta & Bowen 1990; Steidel 1995; Churchill, Steidel, & Vogt 1996; Mo & Miralda-Escude 1996; Bouché et al. 2006; Chelouche et al. 2008; Chen & Tinker 2008; Chen et al. 2010a; Steidel et al. 2010 ). For our sample, we find a 3.2σ anti-correlation (see Figure 5b) . Though it is clear that projected galactocentric distance is a predominant parameter governing absorption strength, there is significant scatter in the relation, showing that distance from the host galaxy may not be the only physical parameter governing the distribution and observed quantity of halo gas. For example, at various levels of influence, star formation rate, environment, or the orientation of the line of sight (galaxy inclination and/or position angle relative to the quasar) could also play a role.
As a caveat with regards to interpreting this anti-correlation, we note that, given the classical methods used to identify host galaxies (find absorption then search for host galaxy), our sample and previous samples are relatively biased toward galaxies in close proximity to the quasar, which may artificially lead to the observed anti-correlation. As unbiased surveys (e.g., Tripp & Bowen 2005; Barton & Cooke 2009 ) are enlarged, we will be able to obtain more robust data to examine the significance of the D and W r (2796) anti-correlation. Taken at face value, the observed anti-correlation between W r (2796) and D would suggest that either the column density and/or velocity spread of the absorbing gas decreases with galactocentric distance.
In Table 6 , we present the results of additional correlation tests between the absorption properties and D. What is immediately clear is that all our measures of the gas absorption strength decrease with D, although we note that the doublet ratio increases with D as expected. W r (2803), which is less sensitive to saturation than is W r (2796), anti-correlates significantly with D. Though N c l, N v p and τ do not show a significant anti-correlation with D, they do follow the trend of decreasing with D. Taken together, the anti-correlation trends show a consistent signature that, on average, Mgii absorbing gas becomes optically thinner with increasing projected galactocentric distance from the host galaxy.
As stated above, the decreasing equivalent widths indicate that either the column density and/or velocity spread of the absorbing gas decreases with galactocentric distance. However, the facts that (1) W r (2803) shows a slightly higher significance than W r (2796), (2) the doublet ratio increases with D, and (3) the mean velocity, W vs , and the velocity asymmetry, A, scatters with D (shows no signature of decreasing with D), together suggest that a decrease in column density with D, rather than just a decrease in velocity structure, is likely the dominant behavior of the halo gas.
Galaxy Color and Absorption
Given the results of Zibetti et al. (2007) , who statistically show that larger W r (2796) is associated with bluer galaxies, and the results of Ménard et al. (2009) , who find a highly significant correlation between [Oii] luminosity and W r (2796), we might expect to find that bluer galaxies in our sample are associated with larger W r (2796). We thus tested for a correlations between B − K galaxy color and absorption properties in our sample. At the range of significance level ∼2-2.2σ, dominated by N cl , N vp , and V , we find larger absorption quantities tend to be associated with the bluer galaxies. The Spearman Kendall results are presented in Table 6 . If we were to interpret these trends, we would infer that redder (early-type) galaxies are associated with low column density absorption with fewer kinematic components than bluer (late-type) galaxies. We do not find evidence supporting a trend of increasing W r (2796) with decreasing B − K, as found by Zibetti et al. (2007) .
The result for our sample is consistent with the results of Chen et al. (2010a) , who examined a sample of 71 systems. They find no significant correlation between B − R galaxy color and W r (2796). It remains difficult to directly compare our work and the work of Chen et al. because the works employ different colors. It is also difficult to compare our work to those of Zibetti et al. due to the stacking nature of their data analysis, the difference in the W r (2796) distribution of the two samples, and the use of different colors in both samples. We further discuss these samples and their results in Section 4. Table 6 . Selected results of the Kendall and Spearman rank correlation tests between the Mg ii absorption properties and the associated galaxy properties. In column (1) are the tested properties and (2) has the number of systems tested. In columns (3)-(5) are the Spearman correlation coefficient, r S , the probability, P S , that the tested data are consistent with the null hypothesis of no correlation, and the number of standard deviations, N Sσ where the ranks are drawn from a normal distribution. In columns (6)- (8) are the Kendall τ K , the probability, P K , and N Kσ .
Tests
Galaxies 
Galaxy Luminosity and Absorption
A Holmberg-like luminosity scaling of the radius of Mgii absorbing halo sizes has been discussed at length in the literature (Steidel 1995; Chen & Tinker 2008; Kacprzak et al. 2008; Chen et al. 2010a ). For the sample of galaxies presented here, Kacprzak et al. (2008) showed that the Mgii absorption halo size exhibits a scaling with the galaxy luminosity (albiet not with a clean cut-off size). Do the absorption properties also exhibit a scaling with luminosity? To investigate this question, we examined if there is a correlation between absorption properties and M B (effectively the galaxy luminosity). We find no evidence of a correlation with M B for any the absorption properties. The Spearman and Kendall results are presented in Table 6 . This would suggest that galaxy luminosity is not a predominant governing factor in determining the absorption strength, optical thickness, or velocity spread of the Mgii gas in our sample.
Galaxy Orientation and Absorption
Lanzetta & Bowen (1992) and Charlton & Churchill (1996) showed that if there are preferred systematic kinematics and spatial distributions of Mgii absorbing gas relative to the host galaxies, then the absorption strengths and kinematics would be expected to follow a predictable behavior as a function of galaxy orientation and impact parameter. By orientation, we refer to the galaxy inclination, i, and the position of the quasar line of sight relative to the major axis of the galaxy, θ, which ranges from θ = 90
• when the quasar aligns with the major galaxy axis to θ = 0
• when the quasar aligns with the galaxy minor axis. Charlton & Churchill (1996) further demonstrated that Mgii halos could be disk-like since, statistically, the Mgii redshift path density could be satisfactorily explained by extended disks as well as by spherical halos. They predicted that if absorbers are disklike in origin, then (1) the mean W r (2796) for a given inclination increases with i, (2) the relative number of stronger absorbers peaks when the quasar probes the major axis (θ = 0
• ), and (3) the mean ratio of the absorption kinematic spread to the Tully Fisher velocity of the galaxy increases with i. Making a direct comparison of galaxy and Mgii absorption kinematics, Steidel et al. (2002) showed that galaxy halos are partially understood by lagging disklike kinematics. Binning Mgii absorption profiles by inclination, Kacprzak et al. (2010a) found that the mean optical depth and mean velocity spread of the absorbing gas was larger for higher inclination galaxies.
From the above predictions, if flattened halos that are coplaner with the galaxy disk dominate, we expect the absorption properties to correlate with inclination and anti-correlate with position angle (be strongest at i = 90
• and θ = 0 • ). On the other hand, it is also possible that star-formation driven winds could be a dominant source of observed Mgii absorption (especially for the stronger absorbers, e.g., Zibetti et al. 2007; Weiner et al. 2009 ). In contrast to AGN driven winds, star-formation driven winds are spatially distributed geometrically perpendicular to the plane of the galaxy (see Veilleux et al. 2005) . Thus, for winds, we would expect the absorption properties and velocity widths to be anti-correlated with inclination and correlate with position angle (be strongest at i = 0
• and θ = 90 • ). In reality, both scenarios, possibly further complicated by additional scenarios such as mergers, IGM filament accretion, etc., contribute to the presence of Mgii absorption. Are the predicted observational signatures of one of these scenarios manifest in the data, which would suggest predominance of the scenario? GIM2D yields two position angles -one for the bulge and one for the disk. We employ the bulge-to-total ratio for adopting the best representative galaxy position angle, such that when B/T > 0.5 we use bulge, θ b , and when B/T < 0.5 we use the disk, θ d . For our sample, we find that the distribution of inclinations and position angles of galaxies selected by Mgii absorption are not inconsistent with having been drawn from a population of field galaxies (for which the distribution of inclinations is ∝ sin 2 i and position angles are random). A K-S test for the inclination distribution yields a K-S statistic of 0.16 and P(KS) = 0.27 and for the position angle distribution yields 0.16 with P(KS) = 0.28. At face value, this would suggest that galaxies chosen by known absorption are distributed on the sky no differently than galaxies selected at random. This might further suggest that halos have a uniform spatial distribution around their host galaxies. However, there is a wide range of absorption properties (which are governed by the column densities and kinematics, i.e., velocity widths) and the overall distribution of orientations relative to the line of sight cannot, by themselves, discriminate whether absorption properties vary in a systematic fashion with orientation.
We find no correlation between θ and any of absorption properties (the highest significance is 1.4σ); the absorption properties are consistent with a random distribution as a function of position angle (these results are independent of our B/T selection criteria).
The results of correlation tests between the absorption properties and inclination i are similar to the tests with impact parameter; we find several trends toward a correlation above the 2.0σ level. The Spearman and Kendall quantities are presented in Table 6 . The strongest trends are N cl , N a , and N vp all showing that these quantities tend to increase with increasing inclination. Taken together, these trends could suggest a potential correlation between disk inclination and the column density, number of clouds, and W r (2796).
Overall, these results are suggestive (not definitive) that the observational signature from the predictions of a co-planer geometric model dominate over the other plausible scenarios for the origin and location of the absorbing gas. They are consistent with the findings of Kacprzak et al. (2010a) that the optical depth and velocity spread of the gas, relative to the galaxy systemic velocity, increases with disk inclination. Interestingly, we do not find a trend suggested by Charlton & Churchill (1996) for increasing W vs (normalized by the Tully Fisher velocity, computed from L B ) with increasing inclination (0.2σ). A simple galaxy disk model is not supported by the position angle data, which are not necessarily consistent with the co-planer geometry scenario. If the absorbing gas were in a disk, then the radial distance out on the disk mid-plane probed by the line of sight is given by r = D 1 + tan 2 i sin 2 θ. Correlation tests between the absorption properties and r might be expected to have higher significance (less scatter) than those with D (even allowing for all disks not being equal). For our sample, the absorption properties exhibit uncorrelated scatter with r (no test had a significance above 2σ). Thus, at best, we find the data suggestive that most Mgii absorbers have a co-planer geometry, but are not necessarily disks (also see the geometric and kinematic models of Kacprzak et al. 2010a ). Since there is a substantial scatter in the absorption properties, there is some difficulty in interpreting these trends. Since the distribution of inclinations for our sample is consistent with that of a random sample of galaxies, our sample has a larger number of higher inclination galaxies than lower inclination galaxies [18/40 galaxies have i > 60
• of low inclination (predominantly face on) galaxies, any possible scatter in the absorption properties for low inclination may not be well represented in our sample. However, there is no clear or evident bias in our sample that could explain why the lower inclination galaxies have lower strength absorption properties.
Normalization by Impact Parameter
As discussed in Section 3.3, the anti-correlations between W r (2796) and D and between W r (2803) and D, and decreasing trends with the remaining absorption properties, all corroborate a physical picture in which the column densities diminish with increasing D. This suggests that impact parameter has a strong influence on the absorption properties and that calibrating out impact parameter for the correlation tests between galaxy properties and absorption properties may uncover otherwise diluted physically motivated trends or correlations. From the point of view of non-parametric rank correlation estimators, multiplying the absorption properties by D is equivalent to dividing the galaxy properties by D. We adopt the latter approach. Since one of the strongest indicators of a dependence of the absorption on the galaxy properties is orientation, we focused on the galaxy inclination. 6 ,7 Following normalization of i by D, we find that N vp , N cl , τ, N a , W r (2803), and W r (2796) are all correlated with the normalized inclination, i/D, at a greater than 3.2σ significance. The strongest correlation is between W r (2796) and i/D, which has a one part in 10 5 probability of being consistent with no correlation (4.3σ). The 6 We performed the correlation tests on all galaxy properties, but find that, unless discussed in the text, there were no other statistically significant (i.e., greater than 3σ) correlations when normalizing by D. 7 We have removed galaxy Q2206-199G2 from the rank correlation tests when normalizing by D because its value of inclination and errors, i = 2.9 +17.4 −2.9
and D = 105.2kpc, provides no constraints on the ratio of log(D/i). (Figure 6a ). We find a 2.6σ correlation between the residuals (scatter) and the galaxy inclination. This correlation further demonstrates the significance in the reduction of scatter between W r (2796) versus D when galaxy inclination is taken into account.
results are presented in Table 6 . We note that D does not appear to correlate with i (only at 1.5σ).
In Figure 6a , we show the 3.2σ anti-correlation between W r (2796) and D. As we have discussed in Section 3.3, there is large scatter observed in the W r (2796) and D anti-correlation. In Figure 6a , we also color-code the data points as a function of galaxy inclination. It is clearly noticeable that high, mid, and low galaxy inclinations populate different regions of the plot and are offset from each other as a function of W r (2796) (i.e., for a fixed D, high inclination galaxies tend to have higher W r (2796) than low inclination galaxies). The galaxy inclination gradient in the W r (2796) direc-tion suggests that inclination plays a secondary role but significant determining the W r (2796) of an absorption system.
In Figure 6b , we apply a galaxy inclination correction. We note that our discussions of rank correlation tests are in terms of the galaxy inclination normalized by the impact parameter, i/D, however, in Figure 6b we chose to plot D/i in order to aid the reader to directly compare the scatter from both panels. Note that the scatter is significantly reduced and that there is now no clear inclination gradient seen in the distribution of data. A maximum-likelihood fit to the W r (2796) and i/D correlation is provided in Table 7 . In Figure 7 we show that if we fit the anti-correlation between W r (2796) versus D (Figure 6a ), then the equivalent width residuals computed from the fit correlate with galaxy inclination at 2.6σ, further supporting the significance in the reduction of scatter in Figure 6b .
We also apply bootstrap statistics to test the probability that a random distribution of inclination values could produce the inclination gradient as a function of W r (2796) seen in Figure 6a , which results in the tightening of the anti-correlation seen in Figure 6b . We used our 40 data points of W r (2796) and D pairs since they exhibit the expected correlation shown in Figure 6a . We then took our measured values of i and randomly reassigned them to the W r (2796) and D pairs, thereby creating a new bootstrap realization of the sample. We then repeated this process 1 × 10 6 times and computed the Kendall rank correlation test for each realization of the sample. We find that the probability of this correlation occurring by chance due to random selection of galaxy inclinations is P = 0.00040. Thus, it is unlikely that this correlation is due to random chance at the 3.54σ significance level.
Thus, we find that the distribution of halo gas absorption strengths has both an impact parameter and inclination dependence, which suggests that the gas in the halo is not spherically distributed. That is, these results suggest that Mgii halo gas has a co-planer geometry and is coupled to the inclination of the galaxy disk. The correlation is opposite to that expected for wind models.
We also examined if multiples of the galaxy bulge and disk scale lengths, D/r b and D/r d , and half-light radii, r h , might further reduce the scatter in the above correlations by using the quantities i/(D/r d ), etc. However, we found that multiples of the scale lengths resulted in greater scatter and no statistically significant correlations with absorption properties. We also normalized the galaxy position angle by D and re-examine the scatter in the absorption properties with θ. We found a slight increase in the significance levels from 1.4σ and below to ≃ 3.0σ and below. However, these significance levels remain lower than the significance level of the anti-correlation between W r (2796) and D. As such, the increased significance levels are primarily driven by the normalization of D. The upshot is that, if the selection of galaxies by Mgii absorption yields a preferred position angle-impact parameter range in relation to the absorption strength properties, it has a much larger scatter than does the preferred inclination-impact parameter range for a given range of absorption properties.
DISCUSSION
Several studies have shown that the morphologies of intermediate redshift (0.3 < z < 1.0) Mgii absorption-selected galaxies appear to be qualitatively similar to those of "typical" local field galaxies (Steidel 1998; Chen et al. 2001; Chen & Lanzetta 2003; Kacprzak et al. 2007 ). Using GIM2D to quantify the morphological parameters of 0.3 < z < 1.0 Mgii absorption-selected galaxies, we find that their bulge and disk size distributions are also similar to those found for field galaxies at similar redshift. Our results quantitatively show that galaxies selected by Mgii absorption are, broadly speaking, "typical" galaxies. Nevertheless Kacprzak et al. (2007) has shown that Mgii absorption-selected galaxies appear to have higher morphological asymmetries than field galaxies. If the latter is true, then accurately modeling absorption-selected galaxies with smooth light profiles may be more difficult given their higher level of morphological asymmetries. The difficulties may induce more scatter in the distribution of morphological parameters thereby potentially mitigating the significance levels of any correlations between galaxy properties and absorption properties.
It remains strongly debated whether Mgii absorption systems arise from star formation driven winds or an array of structures such as tidal streams, satellites, filaments, etc. Here we argue that our sample of galaxies, 75% of which have W r (2796) < 1.0 Å, does not support a scenario in which winds are the predominant mechanism producing the absorption. Overall, it is likely that an admixture of these processes contribute to the observed Mgii absorption systems; below, we will argue that winds may dominate the high equivalent width regime, whereas other processes dominate the lower equivalent width regime.
For reference, in Table 7 we list the known quantified correlations between the Mgii absorption properties and the host galaxy properties, which we will be discussing in the remainder of this section. The W r (2796) range used in each study is also listed.
Studies of strong Mgii systems (i.e., W r (2796) 1 Å), where host galaxies typically have D 25 kpc, have shown that they are likely produced by winds from high star-forming galaxies (e.g., Prochter et al. 2006) . Bouché et al. (2006) report an anti-correlation between W r (2796) and the amplitude of the crosscorrelation between luminous red galaxies (LRGs) and Mgii absorbers (also see Gauthier et al. 2009; Lundgren et al. 2009 ). They conclude that stronger absorption systems are not produced by virialized gas within galaxy halos but that they originate in supernovaedriven winds. The Bouché et al. results are consistent with those of Zibetti et al. (2007) , who find that stronger absorption systems with W r (2796) 1.2 Å are associated with blue star-forming galaxies. Ménard et al. (2009) showed that for stronger systems, W r (2796) correlates with the associated [Oii] luminosity, an estimator of star formation rates (also see Noterdaeme et al. 2010) . In a detailed study of two ultra-strong Mgii absorption systems, with W r (2796) > 3.6 Å, Nestor et al. (2010) reported nearby galaxies with star formation rates exceeding ∼ 10-90 M ⊙ yr −1 (also see Nestor et al. 2007 ). These results support the idea that winds produced by star-forming regions and/or supernovae are responsible for a large proportion of the strong absorption systems ( 1 Å) detected in the halos of galaxies.
Our study, and others (e.g., Churchill, Steidel, & Vogt 1996; Churchill & Vogt 2001; Steidel et al. 2002; Churchill, Vogt, & Charlton 2001; Chen & Tinker 2008; Chen et al. 2010a,b; Kacprzak et al. 2010a) , use higher resolution spectra that are sensitive to lower equivalents widths. The general conclusions from these moderate-to-low equivalent width studies all point to other sources for producing the observed Mgii absorption.
Using a similar sample to the one presented here, Kacprzak et al. (2007) found a correlation between galaxy asymmetry, normalized by D, and W r (2796) suggesting that galaxy minor mergers and harassments may be producing the absorption detected in halos. Their correlation strengthens when W r (2796) 1.4 Å systems were removed, suggesting that interactions (or processes that gently perturb galaxy morphology) may dominate the Bouché et al. (2006) Mgii absorption profiles in the lower equivalent width regime. For our sample, we find trends that weaker absorption properties are associated with redder galaxies; but there is no suggested trend directly with W r (2796) as found for higher W r (2796) systems as reported by Zibetti et al. (2007) . The lack of statistical significance may be due to the small number of galaxies in our sample. For a sample of 71 absorption selected galaxies with a W r (2796) distribution similar to our sample, Chen et al. (2010a) also did not find a significant correlation between W r (2796) and galaxy color. The discrepancy between Zibetti et al. and our work and Chen et al. may indicate that there is a fundamental difference in the galaxies selected by stronger and weaker Mgii absorption systems; weaker systems are possibly not correlated with host galaxy star-formation rates or the luminosity-weighted stacking procedure is not fully understood. However, this correlation may have a substantial scatter, so that large samples, on the order of those used by Zibetti et al., are required to obtain statistical significance.
The Mgii equivalent widths, and the other measures of the Mgii column density, decrease with D, indicating that halos exhibit a natural decrease in gas column density with increasing projected galactocentric distance. This anti-correlation alone cannot be leveraged to differentiate between wind scenarios and other Mgii gas producing mechanisms; however, we would expect a difference in the halo gas geometry for the competing scenarios (see § 3.6 and § 3.7). Our sample exhibits trends for increasing absorption properties (and scatter) with higher inclination galaxies. Accounting for the decreasing gas column density (and its scatter) with increasing D reduces the scatter and yields a strong correlation (4.3σ). At the very least, this suggests that the combined effect of inclination and impact parameter is such that weaker absorption is found at larger D and smaller i (far from face-on galaxies). As i increases for a given D, we see W r (2796) increases, or as D decreases for a given i, we see W r (2796) increases. Given that the velocity widths, W vs , do not follow this behavior, the data favor an increasing column density (path length) for increasing inclination at a fixed D. Such behavior is expected for co-planer geometry with kinematics that are not strictly coupled to disk rotation, but is not what is expected for a wind geometry. For a simple wind scenario, an anti-correlation between W r (2796) and i/D would be expected. These trends are not evident in our data.
Recent cosmological SPH simulations of Stewart et al. (2011) have shown that gas-rich mergers and cold-flow streams can produce a circum-galactic cool gas component that predominately infalls towards the host galaxy disk. They note that this gas accretion should be observed as a relative host-galaxy/halo-gas velocity offsets of ∼ 100 km s −1 . These offsets have already been directly observed at z ∼ 0.1 − 1.0 using Mgii absorption systems (Steidel et al. 2002; Kacprzak et al. 2010a Kacprzak et al. , 2011 . In such a scenario one would expect a correlation between host galaxy inclination and absorption strength, column density, etc., if the circum-galactic component was a pure extension of the host galaxy disk. According to these simulations, Stewart et al. (2011) found that in most cases the accreting gas co-rotates with the central disk in the form of a warped extended cold flow disk, and the observed velocity offset are in the same direction as galaxy rotation. These models support the correlations between the absorption properties and i/D found here, and the warps observed in the simulations may further explain the scatter seen in these correlations.
The relative gas-galaxy kinematics also differ between low and high equivalent width systems. Bond et al. (2001b) studied the kinematics W r (2796) > 1.8 Å systems and found characteristics of wind driven gas (double quasi-symmetric absorption over ∼ 400 km s −1 , not characteristic of Mgii in DLAs). On the other hand, systems with W r (2796) 1 Å are characterized by velocity widths no greater than ∼ 50 km s −1 accompanied by one to a few very weak and narrow components and are not suggestive of wind kinematics (Churchill & Vogt 2001; Churchill, Vogt, & Charlton 2001) . For predominantly W r (2796) 1 Å systems, Chen et al. (2010a) found that the velocity differences between the Mgii absorption and the host galaxies are roughly 16 km s −1 with a dispersion of 137 km s −1 . These velocity offsets are much lower than expected for wind driven outflows.
In fact, a direct kinematic comparison of six galaxies and their Mgii absorption kinematics, with velocity offsets similar to those of Chen et al., were shown to be fairly well described as having lagging disk-like kinematics, though not all of the velocity spread could be successfully modeled (Steidel et al. 2002) . However, the discrepancies were on the order of 30 km s −1 in the most extreme cases. For a similar sample, Kacprzak et al. (2010a) also showed that, even if the Mgii absorption tends to reside fully to one side of the galaxy systemic velocity and aligns with one arm of the rotation curve, not all the absorbing gas kinematics can be explained by a co-rotating halo model. Using cosmological simulations, they further showed that even if the majority of the simulated Mgii absorption arises is an array of structures, such as filaments and tidal streams, the halo gas often has velocities consistent with the galaxy rotation velocity. The line of sight gas motions along these structures in the simulations reproduce a velocity distribution consistent with that reported by Chen et al. (2010a) .
Finally, it is also interesting to note the equivalent width redshift path density evolution of Mgii absorbers: higher equivalent width systems evolve in that there are fewer high W r (2796) systems per unit redshift at low redshifts than at higher redshifts. The evolution is more pronounced for the highest W r (2796) systems, i.e., those with 2 Å and above. As lower W r (2796) systems are examined, the evolution weakens such that for all systems with W r (2796) > 0.3 Å the absorber population is consistent with the no-evolution expectation for the presently accepted cosmology (Steidel & Sargent 1992; Nestor et al. 2005) . Assuming winds are a transient phenomenon in most galaxies, and given that the global star formation rate of the universe decreases toward low redshifts (Madau et al. 1998) , it would seem reasonable that, globally, the higher equivalent width systems have some causal connection to star formation rates. On the other hand, the fact that lower equivalent width systems do not evolve with redshift would indicate that the processes producing lower W r (2796), though varied, are fairly constant with cosmic time. Though major merger rates are expected to decrease strongly, ∝ (1 + z) 2.1 , with redshift (cf., Stewart et al. 2009 ), it is not clear that other scenarios such as minor mergers and/or accretion of the IGM (filaments, etc.) evolve as rapidly. It could be that the lack of redshift evolution of lower W r (2796) absorbers is linked to the latter, possibly more ubiquitous processes.
The different physical characteristics and evolution of the populations of high and low W r (2796) Mgii systems suggest different physical mechanisms giving rise to each population. The correlation between W r (2796) and i/D for our lower W r (2796) sample indicates that winds do not dominate the lower equivalent width regime. It appears that galaxy inclination plays a strong role in determining the optical depth of the halo gas once the decreasing column density with increasing impact parameters is taken into account. We find that edge-on systems are likely to produce higher optical depth absorption systems, and lower optical depth absorption systems are produced by face-on galaxies: this is the opposite effect expected for a wind scenario. These results support a picture where the Mgii absorption arises in structures that are relatively co-planer to the host galaxy disk. Such structures might include accreting filaments or tidal streams from minor mergers in the galaxy plane, and disk warps. These results are consistent with recent cosmological simulations of Stewart et al. (2011) who find that the accretion of cool gas via filaments and gas rich merges does in fact form a stable disk that supplies gas and angular momentum to the host galaxy.
CONCLUSIONS
We have performed a detailed study of a sample of 40 Mgii absorption-selected galaxies between 0.3 < z < 1.0. The galaxies have B-band absolute magnitudes that range between −18.6 M B −23.8 and are associated with Mgii absorption systems with rest-frame equivalent widths that range between 0.03 W r (2796) 2.9 Å. The Mgii absorption profiles were obtained from HIRES/Keck and UVES/VLT quasar spectra; we did not have high resolution spectra for six systems and use equivalent width measurements from the literature. The galaxies are at projected separations of 12 D 115 kpc from the quasar line-of-sight.
We have used GIM2D to model WFPC-2/HST images and extract quantified morphological parameters for 40 Mgii absorptionselected galaxies. These parameters include: the bulge-to-total fraction (B/T ), the bulge semi-major axis effective radius (r b ), the bulge ellipticity (e b ), the bulge position angle (θ b ), the bulge Sérsic index (n), the semi-major axis disk scale length (r d ), the disk inclination (i), and the disk position angle (θ d ). These properties help us further compare and quantify the nature of absorption-selected galaxies.
Furthermore, we have extracted absorption parameters from the quasar spectra as well as from Voigt profiles fits to the absorption systems. We have measured the optical depth weighted mean Mgii λ2796 absorption redshift, the rest-frame equivalent width W r (2796), the doublet ratio, the number of clouds, the Voigt profile fitted system column density, the Mgii optical depth, the AOD derived column density, the mean velocity, the velocity spread, and the velocity asymmetry.
In order to explore possible connections between the Mgii absorption properties and the galaxy morphological properties, we have performed non-parametric Spearman and Kendall rank correlation tests. Our mains results can be summarized as follows:
(i) Mgii host galaxies appear to be similar to those at low redshift and have a wide range of morphologies and colors. With 27 late-type galaxies and 13 early-type galaxies, their populations are consistent with the distribution of galaxy morphologies found in the field environment. They have a mean disk scale length of 3.8 kpc and a mean bulge scale length 2.5 kpc, which are comparable those of the Milky Way. The disk scale lengths and bulge effective radii distributions of the sample are similar to those of field galaxies obtained from the DEEP survey, at similar redshifts. The mean W r (2796) for the early-type galaxies is 1.0 Å and slightly lower for late-type galaxies at 0.7 Å, where both types have a large spread in equivalent width, although late-type galaxies dominate for absorption systems with W r (2796) < 0.3 Å and tend to also be at D > 40 kpc.
(ii) We find a 3.2σ anti-correlation between D and Mgii equivalent width. There is large a scatter in the distribution, suggesting that D is not the only physical parameter affecting the distribution and quantity of halo gas. There are no other absorption properties that scale with D above 3σ. However, all our other measures of the gas absorption strength show decreasing trends with D. Taken together, the anti-correlation trends show a consistent signature that, on average, Mgii absorbing gas becomes optically thinner with increasing projected galactocentric distance from the host galaxy and is likely the dominant behavior of the halo gas.
(iii) We find only weakly significant trends (2 − 2.2σ) between color and the absorption properties, suggesting that larger absorption quantities tend to be associated with the bluer galaxies. We do not reproduce the B − K and W r (2796) correlation of Zibetti et al. (2007) . Our results are consistent with Chen et al. (2010a) and we conclude that our samples probe a lower equivalent width range then Zibetti et al., and therefore are likely probing different mechanisms producing Mgii absorption. We find less than a 1σ connection between M B and the absorption properties, implying that for our luminosity and equivalent width range the Mgii absorption is not strongly dependent on galaxy luminosity.
(iv) We find no correlation between θ and the absorption properties (the highest significance is 1.4σ); the absorption properties are consistent with a random distribution as a function of position angle.
(v) By accounting for the decreasing gas column density (and its scatter) with increasing D, the correlation with i/D and W r (2796) increases to 4.3σ significance level. Also, following normalization of i by D, we find that N a , τ, N cl , N vp and W r (2803) are all correlated with i/D greater than 3.2σ level of significance. Overall, these results suggest that the Mgii gas has co-planer geometry, but is not necessarily disk-like, that is coupled to the galaxy inclination. This results do not support Mgii absorption produce by star-burst driven winds. These results are consistent with the models of Stewart et al. (2011) .
(vi) We do not find any other correlations above 2.0σ between the remaining galaxy properties, such as r b , r h , r e , B/T , n and the absorption properties. Thus, the galaxy optical size and shape does not appear to be an important factor in determining the amount of gas within a galaxy halo.
We find several interesting connections between the galaxy morphological properties and the Mgii absorbing gas. Although recent evidence suggests that high equivalent width systems are produced predominantly by winds in star-forming galaxies, the results of this paper do not support such an explanation for weaker systems (W r (2796) 1 Å). The correlation between the inclination of the galaxy disk and the halo gas absorption strength is suggests that the the halo gas resides in a co-planer distribution. It is plausible that the absorbing gas arises from tidal streams, satellites, filaments, etc. which tend to have more-or-less co-planer distributions. This correlation could not be explained in the wind scenario.
One of the few ways to differentiate between winds and other sources replenishing the halo gas is by studying multi-phase gas sensitive to different density and temperatures. These questions express the necessity of UV spectrographs like COS and STIS. Figure A1 is the complete version of Figure 1 . It will appear in the online version of this paper, not in the printed version.
APPENDIX A: APPENDIX A: SUPPORTING INFORMATION
22 G. G. Kacprzak et al. -(far-left) The HIRES/Keck or UVES/VLT quasar spectra of the Mg ii λ2796 absorption feature are shown alongside the associated absorbing galaxy on the right. The Mg ii λ2796 optical depth weight mean absorption redshift is the zeropoint of the velocity scale. The tick marks indicate the number of Voigt profile components and the red curve indicates the fit to the data. We do not have HIRES or UVES data available for six galaxies. (left) WFPC-2/HST images of galaxies selected by Mg ii absorption. The images are 10 times larger than the 1.5σ isophotal area. -(center) The GIM2D models of the galaxies, which provide quantified morphological parameters. A scale of one arcsecond is indicated on each image along with the physical scale computed at the Mg ii absorption redshift. -(right) The residual images from the models, showing quality of the fit and the underlying structure and morphological perturbations of the galaxies. The encircled arrow provides the direction to the quasar (galaxy-quasar orientation). The cardinal directions are also shown and the quasar name and redshift of Mg ii absorption is provided under each set of galaxy WFPC-2, model and residual image. 
